The cellular fatty acid composition of 51 cultures of various species of yeasts was determined by gas-liquid chromatography. Analysis was done with a fusedsilica gas-liquid chromatography capillary column, with resolution of all components including mono-, di-, and tri-unsaturated 18-carbon acids. The cultures were placed into one of four distinct gas-liquid chromatography groups on the basis of large quantitative differences in fatty acids. Group I contained only Saccharomyces species and group II only Torulopsis glabrata. Most Candida species were placed into group III, and group IV contained only basidiomycetous yeasts.
The cellular fatty acid composition of 51 cultures of various species of yeasts was determined by gas-liquid chromatography. Analysis was done with a fusedsilica gas-liquid chromatography capillary column, with resolution of all components including mono-, di-, and tri-unsaturated 18-carbon acids. The cultures were placed into one of four distinct gas-liquid chromatography groups on the basis of large quantitative differences in fatty acids. Group I contained only Saccharomyces species and group II only Torulopsis glabrata. Most Candida species were placed into group III, and group IV contained only basidiomycetous yeasts.
In our laboratory we have developed a rapid and sensitive gas-liquid chromatography (GLC) procedure to determine the cellular fatty acid composition of various bacteria including species of Pseudomonas, Achromobacter, Flavobacterium, and Legionella (5, 6) . Data from these studies show that total cellular fatty acids provide useful information for rapidly distinguishing closely related bacteria. In a similar study, Gangopadhyay et al. (2) reported that cellular fatty acid data were also useful for distinguishing various species of yeasts. In our study, we extended the studies of Gangopadhyay et al. (2) to include additional species of yeast and used the relatively new fused-silica capillary column for increased GLC resolution of cellular fatty acids (8 ) and heating for 5 min in an 80 to 85°C water bath. The mixture was cooled to room temperature, and the methyl esters were extracted by shaking with two successive 10-ml portions of a 1:1 mixture of diethyl ether-hexane. The ether-hexane layers were combined in a 50-ml beaker, and the volume was reduced to approximately 0.5 ml under a gentle stream of flowing nitrogen gas. Approximately 80 mg of Na2SO4 was added to remove residual moisture, and the sample was transferred to a screwcapped tube (13 by 100 mm). The final volume was reduced to 0.1 ml and analyzed by GLC or stored at -20°C until analysis. GLC. Fatty acid methyl ester samples were analyzed on a fused-silica capillary column (50 m by 0.2 mm inside diameter) with OV-101 as stationary phase. The column was obtained from Hewlett-Packard Corp., Avondale, Pa., and installed in a HewlettPackard series 5880A gas chromatograph equipped with a flame ionization detector. The injector temperature was maintained at 275°C and the detector at 300°C. Hydrogen was used as a carrier gas at a flow rate of 0.6 ml/min. The sample size was 0.3 pAl, which was split 30:1 to give 0.01 pAl of sample on the column.
For analysis of samples, the column temperature was programmed at 6°C/min from 130 to 270°C. The final column temperature was maintained at 270°C for 5 min and then cooled to the initial temperature (130°C) for subsequent samples. Identification of fatty acids from yeasts was made by comparing their GLC retention times to those of authentic standards (Applied Science, State College, Pa.), by hydrogenation of unsaturated acids (5) , and by combined GLC-mass spectrometry (7). Quantitation of peak areas was accomplished with a Hewlett-Packard series 5880 microprocessor.
RESULTS
The chromatogram in Fig. 1 of a standard fatty acid methyl ester mix illustrates the high resolving characteristics of the fused-silica capillary column. With this column, a total of 51 cultures of various species of yeasts were examined and placed into one of four distinct GLC groups on the basis of cellular fatty acids. All cultures contained saturated and unsaturated straightchain acids as major components (Table 1) . No hydroxy or cyclopropane acids were detected, and only 16 strains contained small amounts (1 to 4%) of an anteiso branched-chain acid (a-17:0). The yeasts in GLC groups I and II contained relatively large amounts of oleic (18:19) and palmitoleic (16:1) acids with moderate to small amounts of palmitic (16:0) and stearic (18:0) acids (Fig. 2) . Members of these two groups were distinguished from the other yeasts tested by their relatively large content of 16:1 acid compared with other acids (Table 1 ). The ratios of 16:1 to 16:0 acids in groups I and II were 2.0 or greater but in groups III and IV this ratio was less than 1.0. The ratio of 16:1 to 16:0 acids in the group I yeasts (which contained only species of Saccharomyces) was approximately 5:1 or less, whereas in the group II yeasts (which contained only Torulopsis glabrata) the ratio was 7:1 or greater. A further distinction between the two groups was the relative amounts of 16:0 and 18:0 acids. In group 1, the ratio of 16:0 to 18:0 was 1.4 or greater, but in group II this ratio was less than 0.8 (Fig. 2, Table 1 ). Group II also contained greater amounts of cis-vaccenic acid (18:1"lA) than did other yeasts. In group I, the two isolates of S. rosei differed from S. cerevisiae and S. uvarum, which others consider to be synonymous (1) , by the presence of moderate amounts of linoleic acid (18:2) ( Table 1) .
Of the 51 cultures studied, 27 were placed in group III. In general, group III yeasts contained oleic (18:1) as the major acid followed by 18:2, 16:0, and 16:1 (Fig. 3B) . However, there was considerable overlap in the fatty acid composition between strains of diverse phylogeny in this group (Table 1) . The quantitative data in Table 1 are a true indication of culture differences since the reproducibility of all cultures reprocessed through the entire procedure was usually within 5% and never exceeded 10o of the initial values. Yarrowia lipolytica (and its anamorph C. lipolytica) differed from other species in group III by the absence of the 18:3 acid (Table 1) .
A characteristic feature of group IV yeasts was the absence or presence of only small amounts (1 to 2%) of the 16:1 acid (Fig. 3B solely of basidiomycetous fungi; all isolates in groups I, II, and III represent ascomycetous yeasts (4, 9) . DISCUSSION Use of the fused-silica capillary GLC column allowed for accurate quantitative determination of the cellular fatty acid composition of yeasts.
Each of the 51 cultures tested contained significant amounts of mono-, di-, or tri-unsaturated 18-carbon acids which were completely resolved. In addition, baseline resolution was obtained with the two mono-unsaturated 18-carbon positional isomers oleic (A9 octadecenoic) and cis-vaccenic (All octadecenoic) acids. On packed columns, one or more of these acids would coelute or would appear as shoulders on the leading or tailing edge of other peaks in the chromatogram (5, 8) .
There are several differences between our data and those reported previously by Gangopadhyay et al. (2) . Those authors reported the presence of small amounts (1 to 3%) of 2-hydroxylauric acid (2-OH-12:0), 2-hydroxymyristic acid (2-OH-14:0), and a 19-carbon acid in C. albicans. In addition, they reported moderate amounts (7 to 12%) of capric (10:0) and myristic (14:0) acids in C. guilliermondii and small to moderate amounts (2 to 12%) of lauric acid (12:0) in all yeasts except C. tropicalis and T. (2, 6 -di-tert-butyl-4-methylphenol) which coelutes with lauric acid (12:0) on a nonpolar GLC column (Moss, unpublished observations). However, this possibility would account only for the differences in lauric acid; thus, additional cultures must be examined to resolve these questions.
In summary, the cellular fatty acid data did not permit us to distinguish phenotypically simion October 11, 2017 by guest http://jcm.asm.org/ Downloaded from lar species of medical importance, e.g., C. albicans and C. tropicalis, but certain yeasts such as T. glabrata had distinctive fatty acid profiles. Basidiomycetous yeasts were separable as a group from ascomycetous species, but their fatty acid composition so overlapped as to preclude any further classification. Many of these phenotypically similar yeasts have been shown to be distinguishable by serological and biochemical data (10, 11), guanine plus cytosine ratios (12), antigenic structures (13, 14) , proton magnetic resonance spectroscopy of mannan (3, 10) , and respiratory quinones (15) . The ease and rapidity of the preliminary taxonomic grouping of yeast cultures by GLC analysis of their cellular fatty acids suggest that this procedure may be of value for diagnostic centers handling a large number of cultures. Further studies with additional isolates and species are required to determine whether the fatty acid composition of certain ascomycetous species remains unique.
